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Alterations in bovine lymphocyte function during 
the periparturient period 
Marcus E. Kehrli, Jr., DVM; Brian J. Nonnecke, PhD; James A. Roth, DVM, PhD 
SUMMARY 
Lymphocytes from 8 Holstein heifers were evaluated 
during the periparturient period for mitogen-induced 
lymphocyte blastogenic responses. Phytohemagglutinin 
P- and concanavalin A-induced lymphocyte blastogenesis 
increased 2 and 3 weeks before parturition, respectively. 
However, by the rust week after parturition, lymphocyte 
blastogenesis was markedly impaired. 
The susceptibility of dairy cows to intramammary in-
fections (IMI) and clinical mastitis during the peripartu-
rient period, including the associated impairment of 
neutrophil function, has been discussed. 1 Defects in lym-
phocyte function also may contribute to the dairy cow's 
increased susceptibility to mastitis during the peripar-
turient period. Roles for lymphocytes in bovine mammary 
gland immunity have not been establiahed clearly. An-
tibody secreted by lymphocytes facilitates phagocytosis. 
Like macrophages, bovine neutrophils can be activated 
to have enhanced activity by antigen-induced lympho-
kines.2 Suppressed lymphocyte blastogenesis values after 
calving, compared with values observed during gestation, 
have been reported.3 •11 The purpose of the study reported 
here was to determine alterations in bovine lymphocyte 
function during the periparturient period. 
Materials and Methods 
Animals and experimental design-Eight healthy Holstein 
heifers (principals) were evaluated during a 67-day peripartu-
rient period, as described.' Eight mixed-breed steers were used 
as controls for evaluation of day-to-day variability seen with 
lymphocyte blastogenesis assays. 
&u:teriologic examination of milk-Intramammary infection 
status of the principals was evaluated with foremilk samples 
from individual quarters, as described.' 
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Lymphocyte preparation-Lymphocytes were separated by 
modification of procedures to harvest neutrophils.11 Anticoagu-
lated blood was centrifuged, and the plasma layer was dis-
carded. Five milliliters of the huffy coat layer was removed and 
diluted in 25 ml of 0.015M phosphate-buffered saline solution 
(PBSS; pH 7.2). Lymphocytes were enriched by buoyant-density 
centrifugation of diluted huffy coat cell.a layered over a 3-ml 
column of Ficoll/sodium diatriroate (sp gr, 1.084) in 15-ml con-
ical-bottomed plastic centrifuge tubes at 400 x g for 40 min-
utes. The lymphocyte-enriched cells were harvested and washed 
once in PBSS and then in Hanks balanced salt solution without 
Ca11 • or Mgll+ at 400 X g for 10 minutes. Washed lymphocytes 
were resuspended to 2 x 106 cells/ml in RPMI-1640 medium 
with 25 mM HEPES buffer and 2 mM L-glut.amine. 
Lymphocyte blastogenesis-Blastogenic trarullormation of 
lymphocytes was measured as described7 with the following 
changes. Multiple well.a of a flat-bottomed 96-well polystyrene 
tissue culture plate were seeded with 1.0 x 1()11 lymphocytes in 
a final volume of 0.2 ml of RPMI-1640 medium with 25 mM 
HEP ES buffer and 2 mM L-glut.amine. Tissue culture media were 
supplemented with fetal bovine aerum (heat-inactivated, 12.4% 
final concentration), 25 U of penicillin G, 6.25 µ.g of dihydro-
streptomycin, and 0.625 µ.g of amphotericin B/ml of medium. 
Media for mitogenic stimulation contained either 12.5 µ.g of 
phytohemagglutinin P (PHAP),• 7.8 µ.g of concanavalin A (conA)," 
or 2.0 µ.g of pokeweed mitogen (PWM)"/ml of medium. After 72 
hours at 39 c in a humidified room atmosphere with 5% coll, 
18.5 KBq of methyl-[3H]thymidined in 0.05 ml of RPMI-1640 
medium was added to each well and incubated an additional 18 
hours. Well contents were harvested onto glasa fiber filters with 
a cell harvester, and the ret.ained radioactivity was determined 
with a liquid scintillation counter. Lymphocyte blastogenic re-
sponses were expressed as the mean counts per minute obtained 
from triplicate cultures. · 
Statistical analysis-All data analyaes were done with the 
Statistical Analysis System.8 Results from principala were con-
verted to a percentage of control for each sampling day and then 
coded relative to their actual calving dates. Individual values 
within each week relative to the day of calving (day 0) were 
averaged and analyzed by fitting the general linear model: y = 
mean + week + principal + error. In this model, the data were 
blocked by week (a 7-day period before or after but not including 
the day of calving), by principal (representing animal differ-
ences), and error represent.eel the residual animal variation after 
fitting the aforementioned model. Statistical significance of dif-
ferences between week - 2 and each of the 3 successive.weeks 
was judged by F teats of the week effect. Thia analysia was done 
for raw data and percentage of control values for the principals. 
• Lot No. '121722, Difoo Laboratorkl$, Detroit, Mieh. 
b Lot No. 71F-7190, Sigma Chemical Co, St Louis, Mo. 
• Lot No. 83F·9670, Sigma Chemical Co, St Louis, Mo. 
• Amenham Corp, Arlington H11ightll, 111 . 
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TABLE 1-Analysis of variance comparisons of the mean raw data (RD) and lhe percentage of conlrol steers (POC) 
of lymphocYte blaSfogenesls for an principals• 
P value of wk 
Mean fo:r week: -2 V8 Wk.:t 
Lymphocyte atimulus _, -I I 2 -I I 
' [::::.'., 243 ± 10 Z21 ± 8 182 ± 18 252 ± 10 " 0.04 " Conoonava1in A 107 ± • 95 ± 2 85 , 9 119 ± ' " NS " 
Phytohenuqmlutinin P [::C 128 ± 13 96 ± 12 72 ± 9 109 ± 15 " 0.009 " 132 ± 17 97 ± 12 72 ± 10 134 ± 18 
"' 
0.01 
" 
Pokeweed mitogen 180±30 215± 1 168±14 186± 9 NB NB NB 110 ± 8 105 ± 3 88 ± 6 Ill ± 1 NB NS NB 
•The general linear model ofy - lll89n + week + principal + error wu used. In this model all me11B11reson each prindpal 
within a week were averaged for a single value. t Statiatlclll Bignificanee wu judged by F teiJt of the week effect. f; Raw data 
are c:ou.ntll ( x 1,000)/min ± RM. f Percentap of wntrol values al'O ba.eol on averap week ratios r~ each principal calculated 
from arithmetie nean c:ou.ntll per minute. 
NB ~ not significant 11t P < 0.06. 
Percentage of control data were plotted a& 2-day period av-
erages relative to parturition to evaluate the duration of time 
when lymphocyte function may have changed. Data were ana-
lyzed by linear regression to determine the duration of l'lignifi-
cant changee in normalized lymphocyte function of principals 
over eelected periods. All probabilities were considered signifi-
cant at the 0.05 level. Three pPi.ncipals were tested on the day 
they calved. The day-0 data were not included in the weekly 
averages that are plotted, but were included in the linear 
regression analyses. 
Results 
Periparturient changes in lymphocyte function-Com-
parison of raw data values obtained during week - 2 with 
data obtained during the subsequent 3 weeks indicated a 
significant decrease in PHAP-induced lymphocyte blasto-
genesis values during week 1 (Table 1). Lymphocyte blas-
togenesis induced by conA also was decreased during week 
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1 (P = 0.04). Normalized d&ta resulted in a conflicting 
interpretation for PWM-induced lymphocyte blastogenesis 
values. In one instance (week -1; Table 1), raw data from 
principals increased when they had actually decreased in 
comparison with steers' values for the same weeks. 
Linear regressions of nonnaJized lymphocyte mitogenic 
response vs time were performed on the basis of changes 
observed in Figure 1 and are in Table 2. There was a 
significant increase in cOnA:induced blastogenesis from 
day - 40 to day - 18 (P < 0.03). This was followed by a 
linear decrease in the proliferative response to conA ex-
tending from day - 18 to day 6, which was statistically 
significant (P < 0.0001). The proliferative response of 
lymphocytes to PHAP peaked at 31 % greater than control 
values about day -10 and then decreased to 27% less 
than control values by about day 2. The onset and dura-
tion of the depressed proliferative response to PHAP was 
more variable between principals than what was ob-
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WEEK RELATIVE TO PARTURITION 
Fig 1-Lymphocyle blastogenesls assay results from a primlparous Holstein cows relative to the day of parturition. Bars represent the arithmetic mean 
difference by week of the normalized (%of controls) prl~la' data from the control&. Weekly standard errors are shown with each bat'. (CONA .. 
concanavalin A, PHAP = phylohemagglutinln P, PWM = pokeweed mltogeo). 
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TABLE 2-Regression analyses of lymphocyte blastogenesis values for 
selected time Intervals• 
Time interval 
Function value11 (days)t ... s~ ofb PR> F 
UMtimulated -18 to 
" 
13.0 68 0.03 
eulture11 
conA-Stimulated -40 lo -18 1.6 0.7 0.03 
blastopneais -18 lo 8 -2.4 o.• 0.0001 
PKAP-Stimulated -12 to 2 -3.11 17 
'·"' blastopneBill 
'"' 
1' 6.7 2.0 0.008 
• 0.ta were analyud for aeJected interval. to determine the duration of sig· 
nificant dumgal in the principal&' noi-malized lymphocyte b)&8topneais. f Day1 
relative to parturition (ie, parturition - day OJ. * b ~ slope of linear regreafon 
VII time in days. 
conA = concanavalin A, PHAP = phytohemaggl.ut.inin P. PR > F = probability 
of a greiiter F value. 
served for conA; however, the linear decrease in lympho-
cyte proliferative response to PHAP extending from day 
-12 to day 2 was significant (P < 0.04). Nonstimulated 
lymphocytes of the principals incorporated more thymi-
dine than did those of the controls throughout the exper-
iment, possibly indicating a higher basal rate of mitosis. 
Uptake of thymidine by lymphocytes was increased from 
about 1.5 times that of controls at 2 weeks before calving 
to about 5 times that of controls on the day of calving. 
The reason for this observed increase in the basal rate of 
mitosis of circulating lymphocytes is not known, but after 
inspecting the data based on the IMI status (Fig 2), it 
became obvious that data from the 2 principals with col-
iform mastitis contributed greatly to the increase. There 
LYMl'HOCYTE BLASTOOE!f:SIS 
was a 1,600% increase in the basal mitosis rate of lym-
phocytes in these 2 principals by week 2. 
Immune cell function based on udder health status-
Cows with IMI had the most dramatic changes in lym-
phocyte blastogenic responses to conA, PHAP, and PWM 
stimulation (Fig 2). The 2 principals with coliform IMI had 
more severely suppressed lymphocyte blastogenesis than 
did the staphylococci-infected group of principals; statis-
tical teats of these differences were not calculated because 
of the few df. 
Effects of normalizing heifer immune cell function data-
The grand mean over the study for each mitogen used in 
the blastogenesis assays (Table 3) indicated that the con-
trols' lymphocyte blastogenesis values were virtually 
identical to the overall average of the principals for the 
experiment, except for the unstimulated cultures. As re-
ported for neutrophil function assays, the use of the con-
trols' cells to normalize the data for day-to-day variation 
did not impart any effect of scale on the normalized prin-
cipal results. 1 Plots of the controls' raw data values (Fig 
3) for the mitogenic response of lymphocytes to conA, PHAP, 
and PWM illustrate a negative slope for the daily values 
obtained over the course of the experiment. This again 
indicates the value of a control group of cattle to coun-
teract the trends and day-to-day variation with these as-
says. A components of variance analysis of the principals' 
raw data (Table 3) indicates that variation from one day 
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Fig 2-Lymphocyte blestogenesia assay results from 8 
primiparous Holstein cows relatlve to the day of parturttlon 
by udder Infection status. Two pinclpals had coliform 
(Escherichia coif) Infections (0-0), 3 had Staphy-
lococcus epidermis Infections (6-.6.), and 3 had no de-
tectable intramammary intectlons (IMI) (•-•).Data points 
represent the arithmetic mean difference from control& by 
week for the 3 Infection status groups during the peripar-
lurlent period. Weekly si:: are shown with each point. See 
Figure 1 for key. 
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TABLE 3-Grand mean comparisons of lymphocyte blastoganesis values 
of the principals' vs the controls for tha axparimant and a components of 
varlanoa analysis of the principals' same data assuming d8y-kH:lay (date) 
and animal-to-animal (animal) effects to ba randOm, independent affectS 
contributing to tha overal variatlol'l observed during the study 
""""°" of variance 
Lymph- ,...m• ......... ... Normalized 
....... ~ Controls (SD) Princq,.i. (SD) .... .... .... 
Unatimulated 0.29 (0.02) 0.73 (l.l) Da .. 0.16 0.02 
Animal 0.22 0.28 
Concamivalin A 217 (3) 222 (6) o. .. 0.0< 0.01 
""1m~ 0.13 0.14 
--
103 (2) 1()4 (3) 
-
0.10 0.05 
agglutinin P ""1m~ 0.23 0.36 
........ 168 (2) 173 (7) Da .. 0.58 0.05 
ml ..... Animal 0.10 0.28 
• Countll ( x 1,000) per minute of ('H]thymidine uptake/10" lymphocyt:.. 
AVWtlll8 Date £nu:tional oomponent ol' variance for ra\l' data fmm prindpale for 
the nrlt.ogoen-Btimulated cultures ~ 0.24, t.6 time11 great.et than the animal effec:tl. 
Average Date fractional component of variano:e for mitogen-lltiroulated culturea 
aft« DOl'!lllllliing the principak' data againtt the oontrolA' values eaeh day of the 
8l<pllriment - 0.04, a reduction to only 15% of the enhnel effect. 
to the next only accounts for 4 and 10% of the total var-
iation resultant from conA- and PHAP-induced blastogen-
esis measurements, respectively. The day-to-day assay 
variability for PWM, however, accounted for 58% of the 
total variation measured during the study. Conversion of 
the principals' data into percentage of controls reduced 
the day-to-day variability to only 4% of the total variance, 
a fraction of the animal effect (26% of the total variation 
measured) for these assays. Therefore, normalizing the 
lymphocyte data reduced the day effect and provided a 
useful technique for evaluating results (eg, the conflict-
ing results for PWM from week -2 to week -1; Table 3). 
Discussion 
Our results indicate that primiparous Holstein cows 
have decreased lymphocyte proliferative responses to the 
mitogena PHAP and oonA after parturition, compared with 
peak values of lymphQcyte proliferative responses to conA 
and PHAP 2 to 3 weeks before parturition Our results also 
indicated an association of IMI with suppressed lympho-
cyte blastogenesis in cows, as reported. 9 
lmmunosuppression associated with gestation and par-
turition has been reported in many species. 10 Our obser-
vational study cannot attribute the alterations in 
blastogenesis of periparturient cows' lymphocytes to the 
effect of any specific hormone, combination of hormones, 
or etress;-because these were not evaluated. 
Mitogen-induced polyclonal expansion of lymphocytes 
has been a useful tool in the study of general lymphocyte 
function. Mitogen-stimulated lymphocytes produce lym-
phokines that are varied in function but are known to 
activate phagocytes and regulate myelopoiesis. 11 Signif-
icant correlations between observed alterations in neu-
trophil function values1 and alterations in lymphocyte 
blastogenesis values in this study were found. Neutrophil 
oxidative metabolic capacity measured by the chemilu-
minescence (r = 0.66, P < 0.001; r = 0.57; P < 0.003) 
andiodination(r = 0.71,P < O.OOOl;r = 0.62,P < 0.001) 
assays were related to the blastogenic response of lym-
phocytes to the mitogons ronA and PWM, respectively. The 
strong correlation between lymphocyte blastogenesis and 
neutrophil oxidative metabolic capacity, could be ex-
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Fig 3-Plots of the means of 8 control's raw data for tritiated thymldlne 
uptake by concanavelin A (conA)-, ptiytohemagglutlnln P (PHAP)-, and 
pokaweed mitogen (PWM)-stlmulatad lymptlOCytas vs the ff1 days during 
which tha study was conducted. Slope (b), SE, and P value for b of eaoh 
assay Is shoWn. Bars on data points represent Iha dally SE for ttia 8 c:on-
troho. 
plained by lymphocyte regulation of neutropbil function 
via changes in gamma-interferon secretion. Bovine neu-
trophil function is activated by antigen-induced lym-
phokine and recombinant bovine -y·int.erferon.2.12 Another 
explanation is direct suppression of each cell type by sim-
ilar or distinct mechanisms. Whether lymphocytes and 
neutrophils are directly affected by the stress and neu-
roendocrine changes associated with the periparturient 
period or whether neutropbil function is sustained by a 
lymphokine and is therefore dependent on lymphocyte 
function during this period cannot be determined from 
our results. 
Impaired lymphocyte transformation with mitogens 
within the first 10 days after calving has been reported,li 
In that study of primiparous and multiparous cows, a de-
crease in PWM response was not observed for primiparous 
cows. Furthermore, the suppression of responses to PHA 
and conA was less severe in primiparous cows than in 
multiparous cows. The incidence of mastitis also was cor-
Am J Vet Res, Vol 50, No. 2, February 1989 
· related with impaired lymphocyte blastogenesis. 9 In our 
study, lymphocyte responses to PWM had a large daily 
variance component, compared with that of PHAP and conA, 
and, therefore, was a less sensitive measure of lympho-
cyte function. Our results indicated a more immediate 
and marked impairment of lymphocyte responses to conA 
and PHA that more closely paralleled previous observa-
tions on multiparous cows. 5 The higher sampling fre-
quency used in our study during the periparturient period 
may provide more sensitivity in detecting acute postpar-
tum changes than some previous studies. 5 A severe 
suppression of bovine lymphocyte responses to PHA within 
24 hours of parturition has been shown.3 
Serum and cellular components contributing to an en-
hanced mitogenic responee of lymphocytes during the third 
trimester of pregnancy have been described."' The maxi-
mal response of lymphocytes to conA in pregnant heifers 
at 8.5 months of gestation was reported to be 32% greater 
than that in an age-matched group of ovariectomized 
heifers; this agrees with our results of a response that is 
23% greater than control values at 2 weeks before par-
turition. 
A number of investigations have studied the possibility 
of altered cellular immunity in human pregnancy, but no 
definitive pattern of lymphocyte function has emerged. 13 
Conflicting results on in vitro blastogenesi.s of lympho-
cytes from pregnant women may be attributable to var-
ious culture conditions and experimental designs. In 
general, mitogen-induced lymphocyte blastogenesis and 
cellular immune responses to ongoing bacterial infections 
are decreased during human pregnancy. 14 Decreased 
lymphocyte function that persists for 2 to 3 weeks after 
delivery has been reported in pregnant women.15 In an-
other longitudinal study of pregnant women, lymphocyte 
blastogenesis was found to be decreased during the final 
10 weeks of gestation; blastogenesis decreased further at 
delivery. This delivery-associated impairment was attrib-
uted to a plasma factor and a cellular defect similar to 
findings in cows."'·18 Shifts in lymphocyte subpopulations 
have not been observed in most longitudinal studies to 
explain the changes in lymphocyte response to mito-
gen.17·21 Basal and .stimulated cyclic adenosine 3'-5'-
monophospbate concentrations in lymphocytes from women 
in the final month of gestation are low, compared with 
those of nonpregnant women. 22 During normal preg-
nancy, the progesterone binding capacity of human lym-
phocytes is increased and the concentration of progesterone 
in serum during pregnancy are sufficient to reduce the 
cytotoxic activity of lymphocytes. 23•2"' This raises the pos-
sibility that hormone sensitivities of immune cells during 
gestation may be altered and result in functional changes 
in immune cells. There is no effect of estrogen on bovine 
lymphocyte function during the follicular phase of the 
estrous cycle in cows or after administration of high doses 
of estradiol cypionate to, steers.211•26 However, supraphy. 
siologic concentrations of estradiol have been reported to 
suppress human lymphocyte blastogenesis.27·26 High con-
centrations of estrogens and progesterone are reached 
during the final days of gestation in cows. 29 This may be 
germane to the onset of impaired lymphocyte function in 
the preparlum cow whose lymphocyte hormone binding 
capacity may be higher than that in barren cows. Various 
binding capacities also may explain the lack of any es-
Am J Vet Res, Vol 50, No. 2, February 1989 
trogen effect on bovine lymphocyte function during estrus 
or in steers. 
Many neuroendocrine changes develop in cows during 
the periparturient period. In our study, the earliest changes 
in immune cell function were detected 2 to 3 weeks before 
parturition. Before parturition, enhanced activities of 
lymphocytes and neutrophils could be attributed to the 
effects of prepartal increases in estrogens, prolactiIJ, growth 
hormone, and/or insulin.29·aa The combination of estro-
gen, progesterone, growth hormone, and prolactin is known 
to increase the rate of DNA synthesis in nonlactating bo-
vine mammary tissue grafts. 34 Whether the bovine lym-
phocyte responds similarly i.s not known. Growth hormone 
and insulin also are capable of potentiating human lym· 
phocyte responses to mitogen. a& It is tempting to specu-
late that the combined effects of these hormones in cows 
might account for the increased lymphocyte blastogenesis 
detected 2 to 3 weeks before parturition and the corre· 
lated increase in neutrophil iodination and native che-
miluminescence. 
Various degrees ofperiparlurient hypocalcemia are as-
sociated with the onset of lactation in dairy cows. This 
hypocalcemia initiates increases in systemic concentra-
tions of 1,25-(0H)2 vitamin D.36 In human beings, 1,25· (0H)2 vitamin D inhibits mitogen-induced lymphocyte 
blastogenesis partly because of inhibition of interleukin· 
2 production and depressed -y-interferon secretion.36•87 
Impairment of -y·interferon secretion may contribute to 
the correlations we found between lymphocyte blastogen· 
esis and neutrophil oxidative metabolism. 
In summary, we detected postpartum impairment of 
lymphocyte function, which might predict less than max-
imal nonspecific activation of neutrophil function by lym-
phokines. The effect that impairment of circulating 
lymphocytes may have on local immune defenses in the 
bovine mammary gland ia not known. Milk lymphocytes 
are hyporesponsive to mitogenic stimulation when com-
pared with autologous blood lymphocytes. 7 If there is sys-
temic suppression of lymphocyte blastogenesis, it is likely 
that mammary lymphocytes would be further impaired. 
The functional role o( lymphocytes in milk is not clearly 
est.ablished, but they are capable of antigen-specific clonal 
expansion. 38 A deficit in lymphocyte responses to bacte-
rial antigens is likely to reduce the body's resistance to 
bacterial infections, such as mastitis. 
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